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Methylenetetrahydrofolate reductase (MTHFR) is a critical rate-limiting enzyme in the homocysteine/methionine metabolism
pathway that is implicated in the pathogenesis and progression of autoimmune diseases. Previous association studies have
been performed to investigate the effect of polymorphisms in MTHFR on the risk of autoimmune diseases with inconsistent
results. Therefore, this meta-analysis was designed to assess the association between the MTHFR 677 C/T and 1298 A/C
polymorphisms and the susceptibility to autoimmune diseases. We identified reports by a literature search in the following
electronic databases: PubMed, Ovid, Web of science, and China National Knowledge Infrastructure. Statistical analyses of the
summary odds ratios (ORs) and 95% confidence intervals (CIs) were done using STATA software. In a recessive genetic
model, the MTHFR 677 C/T polymorphism was associated with an increased risk of Behcet’s disease (OR = 1:97, 95% CI,
1.31-2.97), multiple sclerosis (OR = 1:57, 95% CI, 1.03-2.38), and ankylosing spondylitis (OR = 2:90, 95% CI, 1.92-4.38). The
MTHFR 1298 A/C polymorphism was associated an increased risk of multiple sclerosis in a heterozygote comparison
(OR = 2:36, 95% CI, 1.29-4.30) and in a dominant model (OR = 2:31, 95% CI, 1.24-4.29). This meta-analysis demonstrated
that the MTHFR 677 C/T was a risk factor for Behcet’s disease, multiple sclerosis, and ankylosing spondylitis, and the 1298
A/C was a risk factor for multiple sclerosis.

1. Introductions

Autoimmune diseases are a group of diseases characterized
by abnormal immune response to autoantigens and self-
tissue destruction [1, 2]. It is estimated that 7.6-9.4% of
global population is affected by autoimmune diseases, caus-
ing the cost of treatment great than 100 billion annually [3,
4]. Despite the high price of treatment, autoimmune diseases
cannot be cured but only temporarily reduce symptoms. The
major reason for the therapeutic problem may be that the
exact mechanism of triggering the disease is not yet fully
known. A previous work has demonstrated that environ-
mental exposure may help individuals with a genetic predis-
position to develop autoimmune diseases, suggesting the

combination of genetic and environmental factors may con-
tribute to the risk of the disorder [5, 6].

Increasing evidence has shown that abnormal metabo-
lism of folate and homocysteine is involved in the pathogen-
esis of autoimmune diseases [7, 8]. Homocysteine (Hcy),
first discovered in 1969, is a nonproteinogenic α-amino acid
that is an intermediary product in methionine metabolism
[9]. Elevated levels of total Hcy were observed in some auto-
immune diseases, such as psoriasis [10], multiple sclerosis
(MS) [11], Behcet’s disease (BD) [12], ankylosing spondylitis
(AS) [13, 14], and Graves’ disease (GD) [15]. A critical rate-
limiting enzyme in Hcy/methionine metabolism is methy-
lenetetrahydrofolate reductase (MTHFR). Several mutations
of the gene coding the MTHFR enzyme, such as the
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substitution of proline to leucine, threonine to methionine,
and alanine to valine were found to be associated with low
activity of MTHFR, resulting in impaired folate metabolism
and accumulation of Hcy [16, 17].

MTHFR, located on the long arm of chromosome 1
(chr1p36.3) in humans, contains several missense mutations
that caused altered amino acid in the protein product.
Among them, rs1801133 (677 C/T) and rs1801131 (1298
A/C) were studied widely [18]. The rs1801133 consists of a
transition of C to T at the residue 677, leading to an alanine
to valine substitution and the rs1801131 consists of a transi-
tion of A to C at the nucleotide position 1298, leading to a
glutamate to alanine substitution. Both the single-
nucleotide polymorphisms (SNPs) were related to the reduc-
tion of MTHFR enzymatic activity and higher levels of Hcy
[19–23]. The MTHFR, catalyzing the synthesis of 5-methyl-
tetrahydrofolate, is required for vitamin B12-dependent
enzyme methionine synthase and Hcy regulation [24, 25].
Vitamin B12 deficiency and Hcy imbalance have been identi-
fied to play a role in the pathology of psoriasis [26], MS [27],
BD [28], AS [29], and GD [30]. Previously, some authors
reported that the two genetic variants were risk factors for
psoriasis [31], MS [32], and GD [33]. Not all reports, how-
ever, supported these findings. For example, Chorąży et al.
reported that there was no statistically significant association
between theMTHFR 677 C/T and 1298 A/C polymorphisms
and MS risk [34]. The conflict results might be caused by
inadequate statistical power, ethnic diversities, and publica-
tion bias. In this meta-analysis, we aimed to evaluate the
association between the MTHFR 677 C/T and 1298 A/C
polymorphisms with the susceptibility of autoimmune dis-
eases, including psoriasis, MS, BD, AS, and GD.

2. Materials and Methods

2.1. Search Strategy. The systematic review and meta-analysis
followed the PRISMA 2020 statement guideline [35]. Reports
investigating the association ofMTHFR polymorphisms with
autoimmune diseases, including psoriasis, BD, GD, AS, and
MS were identified before July 2021. The literature search
was performed in the following electronic databases:
PubMed, Ovid, Web of science, and China National
Knowledge Infrastructure. The following items were used:
“methylenetetrahydrofolate reductase”, “MTHFR”, “poly-
morphism”, “variant”, “SNP”, “psoriasis”, “Behcet’s disease”,
“Graves’ disease”, “ankylosing spondylitis”, and “multiple
sclerosis”. Additional articles were retrieved by checking ref-
erences that were cited in the selected articles. No language
restrictions were applied for the search strategy.

2.2. Inclusion and Exclusion Criteria. We included case-
control and case-cohort studies that investigated the associ-
ation of the MTHFR 677 C/T or 1298 A/C polymorphism
with the following autoimmune diseases, including psoriasis,
BD, GD, AS, and MS. We excluded studies that were case
report, review articles, and records with insufficient data
for calculating odds ratio (OR) and 95% confidence interval
(CI). Studies that presented overlapping cases or controls
were also excluded.

2.3. Data Extraction. LM and PK reviewed and extracted
simultaneously the data using a predefined form. The fol-
lowing information was extracted: the first author’s name,
year of publication, country of origin, ethnicity, sample size,
definition of cases and controls, genotyping technique, and
quality control of genotyping technique. Interreviewer dis-
agreements were resolved by discussion with the third
author (LY) who double checked the raw data.

2.4. Assessment of Study Quality. With reference to the
Newcastle-Ottawa Scale, we assessed the quality of included
studies by dividing them into two groups: high-quality
(equal or more than 4 stars) and low- quality (less than 4
stars) studies. The assessment was performed independently
by LM and PK, and discrepancies were resolved by consulta-
tion with LY.

2.5. Statistical Analysis. Hardy-Weinberg equilibrium
(HWE) was assessed using a chi-squared test. The Q-statis-
tic test and I2 metric were used to assess the heterogeneity
across studies [36]. If the P value was more than 0.10 and
I2 was less than 50%, indicating that there was no heteroge-
neity, the fixed-effect model was used; otherwise, the
random-effect model was used [37, 38]. To compare the asso-
ciation between MTHFR polymorphisms and the risk of
autoimmune diseases, four comparisons (i.e., heterozygote,
homozygote, dominant, and recessive genetic models) were
used by computing summary OR and 95% CI. Subgroup
analyses based on racial decent (Asians and Caucasians)
and study quality were also done. The robustness of results
was evaluated using a sensitivity analysis when removing a
single study at a time. Egger’s linear regression asymmetry
test was used to assess publication bias of included studies
[39]. A two-tailed P value < 0.05 was considered significant.
All the statistical analyses were performed using STATA soft-
ware version 11.0 (Stata Corporation, College Station, TX).

2.6. Trial Sequential Analysis. Trial sequential analysis
(TSA) software version 0.9.5.10 beta was used to assess
the reliability of the results from meta-analysis [40]. The
O’Brien-Fleming boundary, futility boundary, and Z-curve
were constructed with a type I error of 5%, power of 80%,
and relative risk reduction of 5-20%. Required information
size (RIS) was also estimated. For theMTHFR 677 C/T poly-
morphism, TSA was performed under a recessive genetic
model; for the 1298 A/C polymorphism, TSA was performed
under a dominant genetic model.

3. Results

3.1. Eligible Studies. The literature review identified 262 cita-
tions. After duplicating removing, 161 appeared to be rele-
vant to the meta-analysis and were selected for further
analysis. Among them, 78 were excluded after review of title
and abstract. The full texts of the remained studies were
read, and 40 were excluded due to different reasons, such
as noMTHFR polymorphisms, lack of autoimmune diseases,
absence of controls and available data, review articles, over-
lapping data, and case report. Finally, 43 studies met the
inclusion criteria and were enrolled in the meta-analysis,
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including 14 investigating psoriasis, 10 investigating BD, 9
investigating MS, 5 investigating AS, and 3 investigating
GD (Figure 1).

Detailed characteristics extracted from the eligible stud-
ies are summarized in Table 1. Of the 43 included studies,
15 were carried out in Asians and 28 were carried out in
Caucasians. Publication date ranged 1997–2020 and the
number of sample sizes ranged 60–844. In summary, less
than 40% (17/43) records were perceived as high-quality
studies and more than 90% (40/43) studies were in agree-
ment with HWE.

3.2. Association of MTHFR Polymorphisms with Psoriasis
Risk. Fourteen studies investigated the association of the
MTHFR 677 C/T polymorphism with psoriasis risk, involv-
ing 2351 cases and 2421 controls (Figure 2). Meta-analysis
showed a borderline statistical significance between the
MTHFR 677 TT genotype and the presence of psoriasis in
overall analysis (OR = 1:57, 95% CI, 1.00-2.45). The border-
line statistical significance was also observed in Caucasians
(CT vs. CC: OR = 1:93, 95% CI, 1.01-3.69; CT/TT vs. CC:

OR = 2:06, 95% CI, 1.04-4.05, respectively) rather than in
Asians. In subgroup analysis based on study quality, no sig-
nificant association of the MTHFR 677 C/T polymorphism
with psoriasis risk was found in both high-quality and low-
quality studies (Table 2). Sensitivity analysis revealed that
the exclusion of the study by Izmirli et al., Luo et al., or Wang
et al. yielded a different result for the association of the
MTHFR 677 C/T polymorphism with psoriasis risk [41–43].

Five studies investigated the association of the MTHFR
1298 A/C polymorphism with psoriasis risk, involving 862
cases and 1024 controls (Table 3, Figure 3). Two studies
were carried out in Asians, and 3 studies were carried out
in Caucasians. A significant association was found between
the MTHFR 1298 CC genotype and the presence of psoria-
sis in Asians (CC vs. AA: OR = 3:25, 95% CI, 1.68-6.31; CC
vs. AA/AC: OR = 2:68, 95% CI, 1.39-5.16, respectively). In
overall analysis, no significant association of the MTHFR
1298 A/C polymorphism with psoriasis risk was found. In
sensitivity analysis, however, the exclusion of the study by
Agha et al., Beranek et al., or Wu et al. yielded a significant
result [44–46].

Records identified through database
and reference searching

(n = 262)

Records a�er duplicates removed
(n = 161)

Full-text articles
assessed for eligibility

(n = 83)

Records excluded a�er review of title
and abstract (n = 78)

Studiesc excluded (n = 40)
No MTHFR polymorphisms (n = 11)
Review articles (n = 9)
No controls (n = 8)
No autoimmune disease (n = 6)
No available data (n = 2)
Overlapping data (n = 2)
Case report (n = 2)

Studies included in
qualitative synthesis

(n = 43)

Studies included in
meta-analysis

of psoriasis
(n = 14)

Studies included in
meta-analysis

of BD
(n = 10)

Studies included in
meta-analysis

of MS
(n = 9)

Studies included in
meta-analysis

of AS
(n = 5)

Studies included in
meta-analysis

of GD
(n = 3)

Figure 1: Flow diagram of selection studies.
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Figure 2: Continued.
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Figure 2: Continued.
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3.3. Association of MTHFR Polymorphisms with BD Risk.
Ten studies investigated the association of the MTHFR 677
C/T polymorphism with BD risk, involving 825 cases and
892 controls (Figure 2). Among them, 9 were performed in
Caucasians. Meta-analysis showed a statistical significance
between the MTHFR 677 TT genotype and the presence of
BD in overall analysis (TT vs. CC: OR = 2:00, 95% CI,
1.30-3.07; TT vs. CT/CC: OR = 1:97, 95% CI, 1.31-2.97,
respectively) and Caucasians (TT vs. CT/CC: OR = 1:84,
95% CI, 1.19-2.86). After subgroup analysis based on study
quality, the significant association of the MTHFR 677 C/T
polymorphism with BD risk was also found in low-quality
studies (TT vs. CT/CC: OR = 1:62, 95% CI, 1.03-2.54)
(Table 2). Sensitivity analysis revealed that the exclusion of
the study by Karakus et al. generated a nonsignificant result
for the association of the MTHFR 677 C/T polymorphism
with BD risk [47].

3.4. Association of MTHFR Polymorphisms with MS Risk.
Nine studies investigated the association of the MTHFR
677 C/T polymorphism with MS risk, involving 1227 cases
and 1426 controls (Figure 2). Meta-analysis showed a bor-
derline statistical significance between the polymorphism
and the presence of MS in a recessive genetic model
(OR = 1:57, 95% CI, 1.03-2.38). In subgroup analysis based
on study quality, the borderline significant association of
the MTHFR 677 C/T polymorphism with MS risk was also
found in low-quality studies (TT vs. CC: OR = 2:18, 95%
CI, 1.04-4.55; TT vs. CT/CC: OR = 2:21, 95% CI, 1.53-3.19,
respectively) (Table 2).

Seven studies investigated the association of the MTHFR
1298 A/C polymorphism with MS risk, involving 952 cases
and 1232 controls (Table 3, Figure 3). All the studies were
conducted in Caucasians. Meta-analysis showed a statistical
significance between the MTHFR 1298 A/C polymorphism
and the presence of MS in overall analysis (AC vs. AA: OR
= 2:36, 95% CI, 1.29-4.30; AC/CC vs. AA: OR = 2:31, 95%
CI, 1.24-4.29, respectively) and subgroup analysis, such as

high-quality studies (AC vs. AA: OR = 4:64, 95% CI, 1.08-
19.88) and low-quality studies (AC vs. AA: OR = 1:50, 95%
CI, 1.05-2.15; AC/CC vs. AA: OR = 1:50, 95% CI, 1.09-
2.07, respectively) (Table 3). Sensitivity analysis revealed that
the exclusion of an individual study at a time did not change
the findings of theMTHFR 677 C/T and 1298 A/C polymor-
phisms increasing MS risk.

3.5. Association of MTHFR Polymorphisms with as Risk. Five
studies investigated the association of the MTHFR 677 C/T
polymorphism with AS risk, involving 545 cases and 502
controls (Figure 2). Among them, 3 were performed in
Asians and 2 were performed in Caucasians. Meta-analysis
showed a statistical significance between the MTHFR 677
C/T polymorphism and the presence of AS in overall analy-
sis (TT vs. CC: OR = 3:09, 95% CI, 1.99-4.80; CT/TT vs. CC:
OR = 1:33, 95% CI, 1.04-1.72; TT vs. CT/CC: OR = 2:90,
95% CI, 1.92-4.38, respectively). In subgroup analysis, the
significant association of the MTHFR 677 C/T polymor-
phism with MS risk was also found in Asians (TT vs. CC:
OR = 2:91, 95% CI, 1.82-4.65; CT/TT vs. CC: OR = 1:60,
95% CI, 1.16-2.19; TT vs. CT/CC: OR=2.67, 95% CI, 1.73-
4.14, respectively), Caucasians (TT vs. CC: OR = 4:55, 95%
CI, 1.27-16.27; TT vs. CT/CC: OR = 5:14, 95% CI, 1.44-
18.33, respectively), high-quality studies (TT vs. CC: OR =
2:61, 95% CI, 1.42-4.82; TT vs. CT/CC: OR = 2:48, 95% CI,
1.42-4.32, respectively), and low-quality studies (TT vs.
CC: OR = 3:65, 95% CI, 1.94-6.90; CT/TT vs. CC: OR =
1:72, 95% CI, 1.16-2.53; TT vs. CT/CC: OR = 3:45, 95% CI,
1.86-6.42, respectively) (Table 2). Sensitivity analysis showed
that the result was not affected when excluding a single study
each time.

3.6. Association of MTHFR Polymorphisms with GD Risk.
Three studies investigated the association of the MTHFR
677 C/T and 1298 A/C polymorphisms with GD risk
(Tables 2 and 3, Figures 2 and 3). All the studies were con-
ducted in Asians. No statistical significance between the

Study
ID OR (95% CI)

0.1 1 10

Arakawa (2012)

Lee (2016)

Mao (2010)

Overall (I-squared = 82.2%, p = 0.004)

1.38 (0.63, 3.03)

4.38 (1.56, 12.31)

0.62 (0.63, 1.08)

1.45 (0.50, 4.16)

(e)

Figure 2: Forest plots ofMTHFR 677 C/T with the risk of psoriasis (a), Behcet’s disease (b), multiple sclerosis (c), ankylosing spondylitis (d),
and Graves’ disease (e).
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Figure 3: Forest plots of MTHFR 1298 A/C with the risk of multiple sclerosis (a), psoriasis (b), and Graves’ disease (c).
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Figure 4: Continued.
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Figure 4: Continued.
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Figure 4: Continued.
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MTHFR 677 C/T and 1298 A/C polymorphisms and the
presence of GD were observed. Sensitivity analysis showed
that the result was not changed when excluding a single
study each time.

3.7. TSA Analysis. The cumulative Z-curve in Figure 4(a)
crossed the futility boundary and the RIS boundary, indicat-
ing that it is unnecessary for additional studies to investigate
the association between the MTHFR 677 C/T and psoriasis
risk. The cumulative Z-curve in Figures 4(b)–4(d) and 4(f)
crossed the traditional boundary and the O’Brien-Fleming
boundary, indicating that the results from the meta-
analysis may be conclusive. However, the cumulative Z-
curve in Figures 4(e), 4(g), and 4(h) did not cross any
boundary, indicating that the findings of the MTHFR 1298
A/C with psoriasis risk and the 677 C/T and 1298 A/C with
GD risk are inconclusive.

3.8. Heterogeneity Analysis and Publication Bias. During
pooled analysis of MTHFR 677 C/T and 1298 A/C poly-
morphisms with psoriasis and MS risk, the between-
study heterogeneity was found. Metaregression was then
used to analyze whether some factors such as sample size,

ethnicity, HWE, and study quality affected the source of
between-study heterogeneity. None of these factors, how-
ever, influenced the heterogeneity. Publication bias was
evaluated using Egger’s linear regression asymmetry test,
and no evidence of publication bias was found (P > 0:05)
(Figure 5).

4. Discussion

Autoimmune disease is a pathological state that occurs when
self- or autoantigens are misidentified as foreign entities by
the immune system, resulting in tissue destruction and
chronic inflammation [1, 2]. Although it is unknown exactly
what triggers the disturbance of the immune system, there
are several predisposing and precipitating factors, such as
genetic and environmental factors [5, 6]. As one of the most
frequent types of DNA sequence variation in the human
genome, SNPs play an important role in individuals’ suscep-
tibility to autoimmune diseases [48, 49]. Previous genetic
association studies have demonstrated that autoimmune dis-
eases may share a common genetic background [49].

MTHFR is a crucial enzyme in Hcy/folate metabolism,
and the MTHFR deficiency is related to the development
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Figure 4: Trial sequential analysis of the association between MTHFR 677 C/T and the risk of psoriasis (a), Behcet’s disease (b), multiple
sclerosis (c), ankylosing spondylitis (d), and Graves’ disease (e) under a recessive model. Trial sequential analysis of the association between
MTHFR 1298 A/C and the risk of multiple sclerosis (f), psoriasis (g), and Graves’ disease (h) under a dominant model.
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and progression of autoimmune diseases [16, 17]. Previ-
ously, two important polymorphisms 677 C/T and 1298 A/
C in MTHFR were considered to contribute to the occur-
rence of autoimmune diseases [31–33]. The results, however,
are contradictory to the findings from other authors. For
example, Asefi et al. reported that the MTHFR 677 T allele
was associated with an increased risk of psoriasis [50],
whereas Beranek et al. failed to find any association between
the SNP and risk of psoriasis [45]. Two previous meta-
analyses were conducted, and no significant association of
the MTHFR 677 C/T with the etiology of psoriasis was
found [51, 52]. It is necessary to update the data as many
more studies appeared during the past years [31, 42, 44,
45, 53]. In this meta-analysis, we did not find any rela-
tionship of the SNP with psoriasis in overall comparison.
TSA confirmed this finding. Nevertheless, subgroup analy-
ses showed that the association was a borderline statistical
significance in Caucasians. Further investigations are of
great importance to exclude the possibility of the results
occurring by chance.

Apart from psoriasis, the MTHFR 677 C/T has been
examined extensively whether it influences individuals’ sus-
ceptibility to BD and MS. However, conflicting results were
also obtained. Karakus et al. and Naghibalhossaini et al.
reported that subjects carrying the 677 T allele had an
increased susceptibility to BD and MS [32, 47], whereas
Chorąży et al. and Koubaa et al. reported that the MTHFR
677 C/T was not a risk factor for BD and MS [34, 54]. The
negative results were verified by subsequent meta-analysis
[48, 55]. However, in this updated meta-analysis involving
825 BD cases (892 controls) and 1227 MS cases (1426 con-
trols), we found that theMTHFR 677 TT genotype was asso-
ciated with a higher risk of BD and MS. The discordant
results may be due to small sample sizes in the meta-
analysis reported by Chamorro et al. that included 494 BD
patients and 374 controls [48], and the meta-analysis

reported by Lee et al. that included 830 MS patients and
893 controls [55].

Regarding the association between the MTHFR 677 C/
T and AS risk, 5 studies were included in this meta-
analysis. The pooled analysis showed a significant associa-
tion between AS and the MTHFR 677 TT genotype in
overall comparison. Subgroup analyses based on ethnicity
and study quality also showed the significant association.
Notably, carriers with the MTHFR 677 TT genotype had
a 2.48-increased risk of AS risk in high-quality studies under
a recessive genetic model. To the best of our knowledge, this
is the first meta-analysis to assess the effect of the MTHFR
677 C/T polymorphism on AS risk, which provides stronger
evidence than any previous case-control study.

To date, only 3 studies investigated the association
between theMTHFR 677 C/T and GD risk. When we pooled
all data together, only 409 cases and 418 controls were
included in the current meta-analysis. TSA also showed that
the findings may be not conclusive, and thus, the negative
results in the current study should be interpreted with cau-
tion. Additional studies are needed to be performed to clar-
ify the exact role of theMTHFR 677 C/T in the pathogenesis
of GD.

Besides the MTHFR 677 C/T, the 1298 A/C polymor-
phism was reported to be associated significantly with MS
risk [56–58]. However, Chorąży et al. did not find any link
between the 1298 A/C polymorphism and MS risk [34]. A
meta-analysis including 3 studies was performed in 2015,
and no association between theMTHFR 1298 A/C polymor-
phism and MS was found [55]. In the present meta-analysis,
we enrolled additional studies [32, 34, 56, 59] and found that
theMTHFR 1298 AC and AC/CC genotypes were associated
with increased risks of MS both in overall comparison and
subgroup analysis according to study quality. Sample size
is an important issue for a sound association study because
small samples may result in insufficient power to obtain
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Figure 5: Egger’s funnel plot for evaluating publication bias of MTHFR 677 C/T with the risk of psoriasis (a–d) and Behcet’s disease (e–h).
(a, e) 667CT vs. CC. (b, f) 667TT vs. CC. (c, g) 667CT/TT vs. CC. (d, h) 667TT vs. CC/CT.
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the real effect. Our study has more samples than previous
meta-analysis reported by Lee et al. [55], indicating that we
provided more statistical power and stronger evidence to
support the positive findings in this study.

TheMTHFR 1298 A/C polymorphism was also analyzed
in psoriasis and GD patients. Not surprisingly, inconsistent
results were also observed. Kilic et al. reported that the prev-
alence of the 1298 C allele was higher by 17.0-fold in patients
with psoriasis compared to the control group [31], whereas
Luo et al. reported that the genotype distribution of the
1298 A/C was not different significantly between psoriasis
patients and controls [42]. In this meta-analysis, although
a significantly increased association of the CC and AC/CC
genotypes was observed in Asians, there was no significant
relationship between the 1298 A/C and psoriasis risk in
overall analysis and Caucasians. As only 2 studies were con-
ducted in Asians, the positive results might not be robust
enough. When analyzing the association between the
MTHFR 1298 A/C polymorphism and GD risk, only 3 stud-
ies were included in this meta-analysis and no significant
association was observed. According to the data from TSA,
however, we cannot conclude that the 1298 A/C was not a
risk factor for GD since the limited samples may lead to false
negative error.

In this meta-analysis, heterogeneity across studies was
observed in some comparisons. Unfortunately, we did not
identify what caused the heterogeneity. Despite the disad-
vantages, no publication bias is present, suggesting there is
no evidence of publication selection bias in the literature.

This study contains some limitations that should be
discussed. The association of theMTHFR 677 C/T with pso-
riasis was borderline significant. After the exclusion of the
study by Izmirli et al., Luo et al., or Wang et al., the findings
were changed [41–43], suggesting that heterogeneity among
studies might affect the result. However, the possible reason
for explaining the heterogeneity was not identified. Further-
more, the relationship between the MTHFR 677 C/T and
1298 A/C polymorphisms and GD risk was investigated only
in a few studies [33, 60, 61]; thus, we were unable to perform
stratification analysis by ethnicity. Although we pooled all
data from observational studies together, the sample size is
still moderate, especially in subgroup analyses, which may
lead to lower power for providing strong evidence of the
effect of SNPs in MTHFR on the risk of autoimmune
diseases.

In conclusion, this meta-analysis demonstrated that the
MTHFR 677 C/T was a risk factor for BD, MS, and AS and
the 1298 A/C was a risk factor for MS. Considering the small
number of studies included in some certain subgroups,
further larger-sample investigations performed in diverse
ethnic groups are necessary to confirm these findings. Func-
tional analyses are also required to elucidate whether and
how the SNPs inMTHFR impact the etiology of autoimmune
diseases.
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